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Malegaon district has witnessed rapid urban growth over the past three decades, which has resulted in vast ecological and environ-
mental issues, both in urban and peri-urban areas. This study proposes a quantitative method of land use change studies in Malegaon
district, focusing on the changes in urban agglomeration, population, land use and land cover; and its correlation with the population
increase, migration and urbanization led problems related with water and environmental degradation. Digital image processing of satel-
lite images has been used as a main tool and the morphological growth was based on the analysis of satellite image series (3 diﬀerent
dates, with time intervals between them). Images were preprocessed (atmospheric and geometric corrections) and classiﬁed according
to the major land use like urban, agriculture, forest and water. The present study revealed an increase in settlement by 78% from
1989 to 2006 and an increase by 26% from 2006 to 2008, along with the increase in population, migration from rural areas owing to
the economical growth and technological advantages associated with urbanization.
 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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As per the statistics from the United Nations, the world
population is expected to reach 8.3 and 9.1 billion by 2030
and 2050 respectively, and around 4.9 billion people are
expected to settle down in urban areas in 2030 and 6.3
billion in 2050. In 2010 alone, about 3.5 billion from 6.9
billion or 71% of the world population live in urban areas
in Asia (1.7 billion), Europe (0.5 billion), Latin Americahttp://dx.doi.org/10.1016/j.ijsbe.2015.02.006
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gmail.com (A.K. Misra).
Peer review under responsibility of The Gulf Organisation for Research
and Development.and Caribbean (0.4 billion), Africa (0.4 billion), Northern
America (0.3 billion) and Oceania (0.02 billion) (United
Nation, 2007). Studies show that urbanization happens
because people move into urban areas to seek economic
opportunities and to improve their standard of living.
People in rural area have to depend on changeable environ-
mental conditions; and in times of drought, ﬂood or pesti-
lence, survival becomes extremely problematic. This is very
diﬀerent in urban where all the facilities are well build to
make human life more comfortable and the main attraction
of urban is easy access to wealth (Soh, 2012).
Urbanization has been an important social and eco-
nomic phenomenon taking place at an unprecedented scale
and rate all over the world (Sun et al., 2013). Urban areasduction and hosting by Elsevier B.V. All rights reserved.
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their unique social, environmental and economic character-
istics (Gill et al., 2008). Urban sprawl is deﬁned as an inef-
ﬁcient urban development often linked to sparse building
density over rural areas (Altieri et al., 2014). Information
about unplanned settlements in developing cities is often
unavailable, despite their extent, which at times can domi-
nate residential land-use (Kuﬀer and Barrosb, 2011). It is
critically important to properly characterize urban expan-
sion before developing a comprehensive understanding of
urbanization processes (Xinliang and Min, 2013). The
unplanned and uncontrolled rapid growth has resulted in
serious negative eﬀects on the urban dwellers and their
environment (Chadchan and Shankar, 2012). It is also
associated with health risks including air pollution, occupa-
tional hazards and traﬃc injury, and risks caused by diet-
ary and social changes (Li et al., 2012). The availability
of satellite remote sensing data has increased signiﬁcantly
in the last two decades, and this data constitute a useful
data source for mapping the composition of urban settings
and analyzing changes over time (Patino and Duque,
2013).
Remote Sensing (RS) techniques are extremely useful to
map and monitor urban sprawl in urbanizing regions for
recent years (Imhoﬀ et al., 1997). Results obtained from
RS can be imported to Geographical Information Systems
(GIS) and generate multi-temporal built-up layers, which
provide precise urban agglomeration. In this study, the
remote sensing technique has been used to analyze process-
es and characteristics of urbanization in Malegaon district,
and its correlation with the population increase, migration
and urbanization led problems. This paper also proposes
a quantitative method of land use change studies, i.e. the
succession among diﬀerent land use types across time; to
examine the eﬀects of urbanization and agglomeration on
water resources and overall land use and land cover.
Urban agglomeration studies done at Atlanta metropolitan
area has demonstrated the usefulness of integrating remote
sensing with GIS and landscape metrics in land change ana-
lysis that allows the characterization of spatial patterns and
helps reveal the underlying processes of urban land changes
(Liu and Yang, 2015). The population settlements in the
fast-growing urban world need to be monitored in order
to design a sustainable urban habitat (Deep and Saklani,
2014). CA-Markov model which eﬀectively studies the
urban dynamics in rapidly growing cities was used to mea-
sure the urban sprawl in Dehradun city, India. The spatial
pattern of land cover change in the area was analyzed using
LISS IV temporal images and future growth predicted using
CA-Markov model. The study concluded that RS and GIS
can be eﬀective decision support tools for policy makers to
design sustainable urban habitats.
1.1. Study area
Malegaon city, which has experienced rapid urbaniza-
tion in the past three decades is selected as the study areafor this research. Malegaon is a city and a Municipal
Corporation in Nashik district in the Indian state of
Maharashtra. Malegaon is the second largest city
of Nashik district next to Nashik city itself with an area
of 12.95 sq.km with population of 4.71 lakhs. Malegaon
is located on the Mumbai-Agra National Highway (NH
03) at the conﬂuence of the Mausam and Girna rivers, at
an elevation of 438 m (1437 feet) at 18.42 N 77.53 E. It is
located at around 280 km northeast of the state capital
Mumbai. It has good connectivity with nearby cities like
Nashik, Manmad, Mumbai and Dhule. The Nashik district
is under proposal to be divided and a separate Malegaon
district to be carved out. Due to increasing population,
the city of Malegaon already has almost all District
Administration oﬃces. City map of Malegaon is as shown
in Fig. 1. According to the Census of India, Malegaon’s
urban population shows a considerable increasing trend
as shown in Table 1.
1.2. Data used
Time series data were used for ﬁnding the urban
agglomeration. Time series data used were Landsat
Thematic Mapper (TM) data, Landsat Enhanced
Thematic Mapper (ETM) data and Resourcesat-1 (IRS-
P6) LISS-3 data. TM data and ETM data were obtained
from USGS Earth Explorer and Global Land Cover
Facility. IRSP6 data were obtained from ISRO Bhuvan.
2. Methodology
This study used GIS and remote sensing softwares like
the ArcMap and ERDAS Imagine 9.1 for analyzing the
urban agglomeration. Methodology adopted for this study
is illustrated in Fig. 2. This study also takes the help of land
use change trajectory as a method to quantify the eﬀects of
diﬀerent land use and land cover changes owing to urban-
ization agglomeration. A trajectory was deﬁned as the suc-
cession areas of land use types. Through this method, the
urban areas could be divided into several parts according
to the transformation of other land use types to built-up
area (Feng et al., 2014; Mertens and Lambin, 2000; Petit
and Lambin, 2001). For instance, Liu and Zhou (2005),
simulated the process of urban growth through the land
use change trajectory in Beijing. Zhou et al. (2008)
analyzed the spatial pattern analysis of land cover change
trajectories in Tarm Basin, Northwest China.
2.1. Composite raster data
Remote sensing systems record Digital Number (DN)
values of ground features at diﬀerent wavelengths. DN
values are stored separately in all the bands. Each cell rep-
resenting the ground features will have DN values depend-
ing upon its reﬂectance which determines the color of the
feature. By combining all the bands, a composite raster is
developed.
Figure 1. Study area Malegaon district (Source: www.mapsoﬁndia.com).
Table 1
Urban population escalation in Malegaon city.
Urban population Population in lakhs
1971 1.92
1981 2.46
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ETM and IRSP6 using Arctoolbox data management
tools. Landsat images are composed of seven diﬀerent
bands, each representing a diﬀerent portion of the electro-
magnetic spectrum. By combining all these bands, compos-
ite raster data are obtained.
Band 1 (0.45–0.52 lm, blue-green)
Band 2 (0.52–0.60 lm, green)
Band 3 (0.63–0.69 lm, red)
Band 4 (0.76–0.90 lm, near infrared)
Band 5 (1.55–1.75 lm, mid-infrared)
Band 6 (10.40–12.50 lm, thermal infrared)
Band 7 (2.08–2.35 lm mid-infrared)1991 3.42
2001 4.09
2011 4.71
2021 5.53 (estimated)
2031 6.25 (estimated)
2041 6.97 (estimated)
(Source: Census: 1991, 2001 & 2011)2.2. Subset
Subset is made to get the area of interest. Obtained data
cover large areas, while the actual area being studied can
only cover a small portion of the image called the area ofinterest. Not only that, for the purpose of comparing time
series data, area considered should be the same only, other-
wise discrepancies may occur.2.3. Unsupervised classiﬁcation
Unsupervised classiﬁcation uses algorithms to classify
raster cells and a range is set for each class. A pixel is
Composite Raster Data
Subset
Unsupervised Classification
Figure 2. Illustrating methodology used for the study.
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DN value falls.
The unsupervised classiﬁcation (ERDAS IMAGINE 13
tutorial) methods are:
1. Simple One-Pass Clustering
2. K Means
3. Fuzzy C MeansFigure 3. Land use and land cover4. Minimum Distribution Angle
5. Isodata Classiﬁcation
6. Self-Organization and
7. Adaptive Resonance
ERDAS IMAGINE uses the ISODATA algorithm to
perform an unsupervised classiﬁcation. Land is classiﬁed
into settlement, vegetation, open land and water body.
2.4. Visual image interpretation
Unsupervised classiﬁcation of Malegaon is then cross
checked using visual image interpretation techniques.
Interpretation and analysis of satellite data involve identi-
ﬁcation of various features on earth surface using elements
of visual image interpretation like location, size, shape,
tone, color, texture, shadow, pattern etc. The technique
has been highly useful in evaluating the areas which were
coming under settlements.patterns in Malegaon in 1989.
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This work provides a methodological framework by
integrating RS, GIS, metric analysis and spatial analysis
to facilitate the assessment of impacts from urbanization
on water resources and changing land use patterns.
Remote sensing and GIS helped monitor urbanization
process and assess the status of urban agglomeration.
The temporal changes facilitate the investigation and char-
acterization of impacts on water resources and surrounding
environment from settlement sprawl associated with accel-
erating urbanization.
In this study, time series data used are Landsat
Thematic Mapper (TM) data (1989), Landsat Enhanced
Thematic Mapper (ETM) data (2006) and Resourcesat-1
(IRS-P6) LISS-3 data (2008). Unsupervised classiﬁcation
is done on satellite image series to analyze morphological
growth. By comparing the area in square kilometer, theFigure 4. Variation and escalation in land use and lapercentage increase in urban growth can be measured.
Final maps produced are shown in Figs. 3–5.
During this study, it was found that there is an increase
in settlement by 78% from 1989 to 2006 and an increase by
26% from 2006 to 2008. Table 2 shows the land use for
diﬀerent purposes in Malegaon. This gives an idea to the
planners about urban sprawl in Malegaon, a greater
perception of problems, the available options to rectify
and develop a better plan. In future analysis, a highly
detailed structural analysis of the large-scale and heteroge-
neous inner structures of urban morphology using satellite
data with higher geometric resolution (e.g., Ikonos or
Quickbird) is expected to augment information for
planning purposes (Taubenbo¨ck et al., 2009).
Digital analysis techniques can be used for identiﬁcation
and classiﬁcation of water from other classes in an eﬃcient
manner. If large area of water bodies is to be estimated, it is
more eﬀective and accurate by this technique. However,nd cover patterns in Malegaon since 1989–2006.
Table 2
Land cover in diﬀerent purposes.
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erate accuracy by the visual method.Land use 1989 (sq. km.) 2006 (sq. km.) 2008 (sq. km.)
Open land 33 14.3 1.6
Settlement 9.9 17.6 22.2
Vegetation 4.3 15.3 23.2
Water body 2.1 3 3.23.1. Eﬀects on groundwater quality
Groundwater quality has diﬀerent dimensions or
meaning depending upon the intended use. The quantity
of dissolved or suspended organic or inorganic substances
in it through which it gains physical and chemical charac-
teristics determines the groundwater quality. Humans can-
not survive without water, of which groundwater is main
source for drinking. Contaminated water may adversely
aﬀect the health of human beings. So a permissible limit
is set to classify groundwater as pure or contaminated.
Studies have shown that the quality of the water in the
study area Malegaon has not been deteriorated (Wavde
and Arjun, 2010) and results are as shown in Table 3.
Electrical conductivity (EC) is widely used for
monitoring the mixing of fresh water and saline water,Figure 5. Variation and escalation in land use and lanseparating stream hydrographs, and geophysical mapping
of contaminated groundwater (Hayashi, 2004). EC
depends on temperature: a linear relation for temperature
range 0–30 C and non-linear relation for higher
temperatures. Here, in this case EC is maximum during
summer when temperature is more; and minimum during
monsoon, when temperature is less. The pH, total dis-
solved solids, total hardness, dissolved oxygen, ﬂuoride,
chloride, sulfate and nitrate concentrations of water are
within the permissible limit according to BIS drinking
water standards.d cover patterns in Malegaon from 2006 to 2008.
Table 3
Factors considered on groundwater quality (Wavde and Arjun, 2010).
Sl. No. Factors considered Results
1 Water temperature 18–29.9 C
2 Electrical
conductivity (EC)
2.3–9.6 lmhos/cm
3 pH 6.4–8.1
4 Total dissolved
solids
244–475 mg/L
5 Total hardness 197–483 mg/L
6 Dissolved oxygen 2.12–4.92 mg/L
7 Fluoride 0.36 mg/L
8 Chloride 64–215 mg/L
9 Sulfate Maximum in monsoon and
minimum in summer
10 Nitrate 0.08–0.58 mg/l
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Industries are a part of urbanization. Industries in
Malegaon include plastic industries, powerloom factories
and sizing units. It provides employment to the people
and as a result people migrate to urban areas. It has been
estimated that Malegaon is having a population of 60,000
people per sq.km against the normal, which is 20,000. The
air is polluted with poisonous gases emitted from plastic
industries which consume huge quantity of plastic wastes.3.3. Eﬀects on Mausam river
Based on ﬁeld investigations, following points are
arrived:
 Plastic garbage, domestic and hospital wastes are
deposited on the banks of river.
 Large scale reduction in the cross sectional area.
 Reduction in ﬂow velocity due to deposition in the mid-
dle of the channel.
 Big industries are developed along the river channel.
Table 4
Total slums in Malegaon municipal area.
Sl. No. Location of Slum Population
1 Government land 3587
2 Municipal land 39,200
3 Private land 39,200
Total 81,987
Source: Malegaon Municipal Council, Shamnama Daily Malegaon & http://s
Table 5
Population details.
Name District City of outgrowth Population Cens
Malegaon Nashik Malegaon 342,595
Source: Oﬃce of the Registrar General and Census Commissioner, Delimitati
School of Planning & Architecture (web).3.4. Eﬀects on housing
With the growth of industries new housing units which
comprise mostly of huts come up every day in Malegaon,
excluding the area beyond Mausam river on western side.
Obviously, the new settlements belong to the poor labour-
ers working in the industries. Quality of life in this area is
very poor. These poor workers are deprived of water sup-
ply, road, power and drainage facilities. There is a serious
issue of water, air and sound pollution as a result of which
living conditions in this area have become worse. Table 4
depicts the fact sheet on slums in Malegaon.
Urbanization agglomeration is happening worldwide,
but its ramiﬁcations are more pronounced in developing
countries like India. In India, high rate of population
growth, declining opportunities in rural areas and shift
from stagnant and low paying agriculture sector to more
paying urban areas, are contributing to urbanization and
proportion of population living in urban areas has
increased from 17.35% in 1951 to 31.2% in 2011(Census,
2011a,b). Overall, the results of this study show that
Malegaon district is holding population size more than
its capacity to fulﬁll the demand of water, housing and
healthy environment. Table 5 shows the escalation in
population in Malegaon city in the last three decades.
This study also provides policy makers with insightful
information on the link between urbanization and eco-
nomic opportunities. Urbanization not only increases
movements of passengers, but also contributes to increase
urban densities and more exploitation of natural resources.
4. Conclusions
This study examines systematically the inﬂuence of
urbanization on land-use and land cover patterns during
1989–2008 in Malegaon district. This research also proves
that by studying quantitatively the eﬀects of urbanization
on the land use change trajectory, precise data can be
stainable Built Environment 4 (2015) 136–144Facilities Available
Latrines Water supply Gutters
42 14 –
355 125 2076 sq.m.
355 125 2076 sq.m.
752 264 4152 sq. m.
hodhganga.inﬂibnet.ac.in/bitstream/10603/8596/4/13%20chapter_7.pdf.
us 1991 Population Census 2001 Population Census 2011
409,403 471,312
on Commission of India (web), Rand McNally International Atlas 1994,
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study demonstrates the following conclusions.
 In Malegaon city both surface and groundwater quality
is deteriorating and in few areas diﬀerent water quality
parameters like chloride, sulfate and nitrate concentra-
tions are above the permissible limits.
 The air quality is polluted with poisonous gases emitted
from plastic industries which consume huge quantity of
plastic wastes.
 Plastic garbage, domestic and hospital wastes are
deposited on the banks of river that is hazardous to local
and surrounding environmental conditions.
 The results of this study show that Malegaon district is
holding population size more than its capacity to fulﬁll
the demand of water, housing and healthy environment.
 Now it is essential for local government to play a pivotal
role in planning Malegaon city with the healthy urban
environment and sustenance of natural resources
(vegetation, water bodies and open spaces). The results
of the current analyses highlight the signiﬁcant changes
in land cover with the decline in vegetation, water bod-
ies, crop and fallow land.
Based on the study, following recommendations are
proposed to be undertaken as a part of reducing the impact
of urbanization on Malegaon.
4.1. Water quality management plans
A scientiﬁc plan to improve water quality and its man-
agement should be implemented by reducing the discharge
of pollutants into Mausam river. This can be achieved
through following measures: (a) The understanding of
water quality goals and environmental beneﬁts, (b)
Keeping track of water quality, (c) Forecasting future
behavior through predictive modeling, (d) Decision
Support Systems, (e) Urban design giving stress to water
sensitive issues, (f) Agricultural management methods, (g)
Mapping of acid sulfate soils.
4.2. Plastic waste management
Advantages of using plastic cannot be neglected but dis-
advantages can be lessened by the following certain tips.
 Recycling of plastic: Plastic can be separated from
wastes and it can be recycled to minimize the impact
of environmental pollution. Recycled plastic can be used
for road construction, clothing, bottles, automobile
spare parts etc. Purchasing recycled plastic assists in
plastic waste management.
 Burning in incinerator: Burning of plastic waste in incin-
erator removes large volumes of plastic waste, but there
are issues with air pollution due to incinerating which
can be reduced by improving the technology. Policies prohibiting manufacturing/selling of certain plas-
tic: Framing of policies prescribing standard microns of
plastic used for manufacture and selling. Using these
policies, over reliance of plastic can be restrained to
some extent.
 Using eco-friendly bags: Using paper and cloth stuﬀs as
bags can serve the purpose of eco- friendly bags. By this
way, dependence on plastic bags for shopping or
purchasing household items can be reduced.
4.3. Urban planning
The biggest challenge for Malegaon is its unplanned
urban growth and land use patterns. Remote sensing and
Geographic Information System (GIS) can be used to
design urban environment giving emphasis to sustainable
development. Following points should be considered while
planning: (a) Eﬃcient land use, (b) Better accessibility
using public transport, (c) Areas with natural vegetation,
(d) Good housing and living environment, (e) Formation
of water recharge structures, (f) Improving sewerage and
drainage network, (g) Aﬀorestation of open and aban-
doned areas.
4.4. Check rural to urban movement
Due to lack of employment opportunities, education
and health facilities, people are migrating from villages to
towns and cities. So in order to prevent this rural to urban
movement, Government should create opportunities in
rural areas. If employment opportunities and more
educational facilities are created within rural areas; mass
migration can be checked.
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